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Abstract
Background
Physical activity is associated not only with health-related parameters, but also with cogni-
tive and academic performance. However, no large scale school-based physical activity
interventions have investigated effects on cognitive performance in adolescents. The aim of
this study was to describe the effectiveness of a school-based physical activity intervention
in enhancing cognitive performance in 12–14 years old adolescents.
Methods
A 20 week cluster randomized controlled trial was conducted including seven intervention
and seven control schools. A total of 632 students (mean (SD) age: 12.9 (0.6) years) com-
pleted the trial with baseline and follow-up data on primary or secondary outcomes (74% of
randomized subjects). The intervention targeted physical activity during academic subjects,
recess, school transportation and leisure-time. Cognitive performance was assessed using
an executive functions test of inhibition (flanker task) with the primary outcomes being accu-
racy and reaction time on congruent and incongruent trials. Secondary outcomes included
mathematics performance, physical activity levels, body-mass index, waist-circumference
and cardiorespiratory fitness.
Results
No significant difference in change, comparing the intervention group to the control group,
was observed on the primary outcomes (p’s>0.05) or mathematics skills (p>0.05). An
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intervention effect was found for cardiorespiratory fitness in girls (21 meters (95% CI: 4.4–
38.6) and body-mass index in boys (-0.22 kg/m2 (95% CI: -0.39–0.05). Contrary to our pre-
dictions, a significantly larger change in interference control for reaction time was found in
favor of the control group (5.0 milliseconds (95% CI: 0–9). Baseline to mid-intervention
changes in physical activity levels did not differ significantly between groups (all p’s>0.05).
Conclusions
No evidence was found for effectiveness of a 20-week multi-faceted school-based physical
activity intervention for enhancing executive functioning or mathematics skills compared to
a control group, but low implementation fidelity precludes interpretation of the causal
relationship.
Trial Registration
www.ClinicalTrials.gov NCT02012881
Introduction
In recent years the attention given towards the role of physical activity on the scholastic and
cognitive potential of children has increased [1–5]. Continuing to gather causal data regarding
this relationship is an important argument for prioritizing physical activity in the school curric-
ulum with potential implications for public health [6].
Cardiorespiratory fitness and measures of body fat have been associated with specific
aspects of cognition known as executive functions in children [5] and adolescents [7]. Since
executive functions are important correlates of academic achievement [8], this establishes a
mechanism explaining better scholastic performance of physically active children [9], but phys-
ical activity in itself may also confer benefits [10]. Executive functions is an umbrella term
related to top-down mental processes involved in the planning and selection of strategies that
organize goal-directed actions [8]. Executive functions are comprised of working memory, cog-
nitive flexibility and inhibitory control. Available evidence suggests a selective relationship
between tasks requiring greater amounts of inhibitory control (involved in suppression of pre-
potent responses [11] and selective attention [8]) with cardiorespiratory fitness [5]. Until
recently, this evidence was cross-sectional only [12], however prospective studies supporting
the same role of cardiorespiratory fitness are now emerging [13]. Further, two randomized tri-
als have now demonstrated that manipulation of physical activity can positively influence exec-
utive functions [14, 15] and academic performance [14]. While these results are encouraging,
these trials were conducted as afterschool programs and included only children who were over-
weight [14] or included 50% overweigh children [15]. Hence, these trials do not provide evi-
dence for the effect of daily physical activity in children with a normal-for-age body mass
index (BMI) or, importantly, do not provide evidence for larger reaching initiatives such as
those occurring within schools and during the school day. Also, both trials included pre-puber-
tal children whose cognitive response to manipulation of physical activity may be differ from
adolescents in the midst of puberty.
The most recent systematic review on the association between physical activity and school
performance, including only prospective observational or intervention studies, concluded that
there was strong evidence for a positive prospective relationship [4]. The authors, however,
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emphasized that their conclusion was based on a limited number of adequately performed
studies and few intervention studies. Furthermore, only one study had used an objective mea-
sure of physical activity, but only in a sub-sample [16]. Additional support for this notion is
given in a recent non-randomized intervention study that used eight years of routinely col-
lected academic performance data to show a higher proportion of students achieving Swedish
national learning goals following a doubled provision of physical education [17]. Collectively,
there is a need for more experimental research including objective assessment of physical activ-
ity, which is conducted within non-selected participants.
The primary aim of the present paper is to describe the effectiveness of a school-based phys-
ical activity intervention in enhancing executive functions and academic performance in ado-
lescents. Furthermore, the effect of the intervention on physical activity levels,
cardiorespiratory fitness and adiposity were assessed as these are potential explanatory
variables.
Methods
Study design, setting and participants
The Learning, Cognition &Motion (LCoMotion) study was conducted as a cluster-randomized
controlled trial with schools as the cluster unit of randomization. Inclusion of schools, ratio-
nale, aims and intervention elements is described in a previous publication [18]. The study
included 16 schools of which 13 were recruited through an external collaborator [19]. This
external collaborator was organizing a primary school project on physical activity and health at
these schools. Classes included in this study were not involved in the primary school project.
Further, three schools were included by volunteering. In order to enter the study, schools had
to sign up classes from the 6th and/or the 7th grade (12–14 years old). No restrictions on the
number of classes or students were given, but the majority of schools participated with all their
grade 6 and/or grade 7 classes. Students were considered eligible if they followed normal age
appropriate curriculum. The 16 schools were randomized to participate as either intervention
(n = 9) or control (n = 7) schools. Included schools covered all five main regions of Denmark.
The randomization process was conducted by the principal investigator as draws of folded
paper with school names from a bowl in the presence of other senior researchers. All classes
and students in a school were assigned to the group given by the school randomization. Two
intervention schools withdrew the acceptance before the start of the study, but after the ran-
domization. A total of 855 students from the remaining 14 school were considered eligible for
inclusion in the study. The intervention took place from January to May 2014 (20 weeks). Base-
line measures were performed at schools during November/December 2013 and follow-up
measures during May/June 2014. Testing was balanced between control and intervention
schools at both time points and all students at one school were tested during one day. Baseline
measures were carried out after the randomization with schools aware of the randomization
results. This was also known to the staff conducting the tests. Students participated in the study
if they gave assent and one parent or legal guardian provided a written informed consent.
Unwillingness to participate in the study did not influence students participating in class activi-
ties. The study was approved by the ethics committee of the region of Southern Denmark (S-
20130104) and registered at clinicaltrials.gov (NCT02012881).
Intervention components
The main aim of the intervention was to increase physical activity levels overall as well as in
school by targeting classroom, recess and leisure-time activity and through active transporta-
tion. Specifically, schools made an oral agreement with the researchers to endeavor to provide
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60 minutes of physical activity during school time on all school days during the intervention. A
minimum of one teacher from each class at the intervention schools attended a course on
incorporating physical activity into academic lessons. Courses were provided by an external
collaborator (also responsible for inviting schools) and focused on practical didactic methods
not specific to any given academic subject. The content of the course was delivered through
theoretical and practical exercises by experienced educators with hands-on experience in inte-
grating physical activity in academic lessons. The course did not target specific intensity levels
of class-room physical activity, but was based on incorporating whole-body movement games
into the academic curriculum. Scheduled activities during recess were initiated by teachers and
volunteer students who received the course. Physical activity homework consisted of a booklet
containing suggestions for various daily activities of 5–10 minutes, and students were
instructed to perform at least one activity on all days. It was emphasized that these activities
were in addition to usual daily activities. A two-week cycling campaign was launched in the
middle of the intervention to facilitate active transportation by cycling. Finally, a custom made
“activity watch” was used as a shared tool for teachers and students to serve as motivation and
to sum up the amount of time the class had engaged in physical activity during academic sub-
jects and scheduled recess activities. An overview of intervention components are given in
Table 1. Control schools were asked to continue with their normal practice.
Measurements
The procedure was identical at all schools at both time points. During the first part of the day,
students completed outcome measures (flanker task and mathematics performance, see below
for description). The day was concluded with assessment of anthropometric variables and
cardiorespiratory fitness.
Cognitive control
Amodified Eriksen flanker task was used to assess cognitive control [20, 21], which used five
arrows to modulate interference control. In this task, a central, target arrow pointing to the
right “>” required a right-handed response and a central, target arrow pointing to the left “<”
required a left-handed response. These two response-eliciting stimuli were flanked by an array
of other arrows that were congruent (>>>>> or<<<<<), or incongruent (>><>> or
<<><<) to the centrally placed target stimulus. The incongruent condition has been shown
to cause a delay in response time as well as a decrease in accuracy relative to the congruent con-
dition, mainly because it requires greater amounts of inhibitory control to inhibit the interfer-
ing flanker stimuli and their associated response mappings. Each stimulus was presented for
120 milliseconds (ms). Students performed the task individually in small rooms provided by
the school with a maximum of four students tested at the same time. Efforts were made to
Table 1. Intervention content andmeans of implementation.
Intervention component Practical
organization
Responsible for conducting
component
Implementation facilitated by and how Period of implementation
Physical activity in academic
subjects
Daily Teachers External collaborator: 3 hour course for
teachers
Full intervention
Scheduled physical activity
during recess
Weekly Volunteer students &
teachers
External collaborator: 4 hour course for
students and teachers
Full intervention
Physical activity homework Daily Students Research team: Monthly booklets Full intervention
Active transportation Daily Students Research team: Cycling campaign 2 weeks (intervention week
11 & 12)
doi:10.1371/journal.pone.0158087.t001
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secure a similar testing environment across schools. Students performed the task under the
guidance of a trained staff member who gave verbal instructions prior to testing. Testing condi-
tions were identical at baseline and follow-up. The task consisted of 2 x 75 trials with congruent
and incongruent trials being presented randomly and with equal probability. Response accu-
racy and reaction time (ms) data were collected as main outcomes of the trial. Response accu-
racy was defined as the percentage of correct responses while reaction time was defined as time
to responds on correct trials. Both measures were summarized separately for congruent and
incongruent trials. Only responses between 200–1470 ms post onset of stimuli were accepted.
Further, differences (subtractions) in response accuracy and reaction time between congruent
and incongruent conditions are presented as interference-scores [20, 22]. Students with an
accuracy on either congruent or incongruent conditions<50% (less than change) were deemed
to have misunderstood the task and their result were discarded from further analysis. Test-
retest reliability of the flanker test was measured and is presented in S1 Table.
Academic performance (mathematics skills)
Custom made grade specific mathematics tests were used to assess academic performance. The
test was created by a content expert and included content such as; arithmetic’s, algebra, prob-
lem-solving and geometry. They were based on the national curriculum for the respective
school year. The tests were administered in classrooms over 45 minutes by trained staff who
gave identical instructions at all schools at baseline and follow-up. The scientific staff subse-
quently scored the tests. The tests consisted of 50 questions with possible scores ranging from 0
(worst) to 50 (best) points. No aids were permitted. Identical questions, but with numbers
changed so answers were not the same, were administered post intervention. The tests were
validated against an age-matched curricular test that is frequently used in the Danish public
school system. During the pilot phase of the trial, the curricular test demonstrated a potential
problem with floor-effects and tended to place students into two separate groups (bi-modal
distribution) and was therefore not used. The custom made and the standard curricular tests
were highly correlated (Spearman´s rank correlation coefficient 0.87, p<0.01) (18). Test-retest
reliability of the custom made mathematics test is presented in S1 Table.
Anthropometric and demographic variables
Body height was measured with a stadiometer (West Sussex, UK) to the nearest 0.5 cm. Body
mass was measured to one decimal using an electronic scale (Tanita BWB-800, Tokyo, Japan).
Overweight and obesity was defined according to age- and gender-specific BMI reference val-
ues [23]. Waist-circumference was measured to the nearest 0.5 cm just above the level of the
umbilical cord with a minimum of two measurements performed. If these differed by more
than 2 cm a third measurement was taken. The mean value of the two closest measurements
was used as waist circumference. Students self-reported their pubertal development in a small
questionnaire. This consisted of five categories of secondary sex characteristics as defined by
Tanner [24]. Baseline scores of pubic hair for boys and breast development for girls were used.
Ethnic origin and socioeconomic status was obtained from a questionnaire answered by a par-
ent or legal guardian. Maternal or female guardian’s highest completed education was used as
indicator of socioeconomic status.
Cardiorespiratory fitness
Cardiorespiratory fitness was assessed by the Andersen test [25]. This is a 10-min intermittent
running test that can be easily conducted at schools. The test has been validated against direct
measures of maximum oxygen uptake in different age groups and found to give valid and
Physical Activity Intervention and Cognitive Performance
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reliable results [25, 26]. The total distance in meters was used as test result. Cardiorespiratory
fitness was not included from one control school as it was not possible to conduct the test in
accordance with the protocol. Changes in fitness of more than two standard deviations for gen-
der and intervention group were inspected as this might indicate an invalid test at either time
point. In case of a clear submaximal performance at one time point, the results were discarded
(24 observations).
Physical activity levels
Physical activity levels of participants were assessed by accelerometry before and during the
third month of the intervention. GT3X and GT3X+ devices (ActiGraph LLC, Pensacola, FL,
USA) were distributed by research staff to students at schools with the instruction to wear the
devices on the right hip every day during a seven day period. Due to a shortage of devices, one
intervention school did not receive accelerometers, as this school entered the study just prior to
baseline testing. Furthermore, accelerometers were only distributed in four of five, four of six,
and three of four classes at another three schools (all control schools), respectively. The epoch
was set to two seconds but files were downloaded in ten seconds epochs. The software program
Propero (University of Southern Denmark, Odense, Denmark) was used to summarize counts
and time recorded from 06:00–22:00 hours. A sequence of more than 30 minutes of consecu-
tive zeroes were considered non-wear time and was not included in analyses. To be included,
students had to obtain a minimum of four days with at least ten hours of valid registration at
both time points. The intensity threshold suggested by Evensson [27] was used to summarize
daily minutes spent in moderate to vigorous physical activity (MVPA). The cut-point was
divided by 1.5 to accommodate the difference in epoch length between the Evensson study and
this study (15 vs. 10 sec.) [28, 29]. As a measure of average physical activity level, total counts
were divided by wear time to generate mean counts/min (cpm). Class-specific time-tables were
used to generate the domains; total school time, class-time (excluding physical education) and
recess. Estimates of mean count and MVPA were derived using the same procedure except that
intensity domains were expressed as percentage of recorded time to accommodate differences
in bell ringing hours. All summaries were completed separately for each day and aggregated to
give the final result.
Short message service-tracking
Every second week of the intervention period information on compliance with the intervention
elements was collected using short message service (SMS)-tracking system on mobile phones
(automatic text messaging) during every second week of the intervention period. Students at
intervention schools received a message every second Friday asking how many times in the last
week:
• They had participated in scheduled recess activities
• Their teachers had initiated physical activities during academic subjects
• They had conducted physical activity homework
Every 28 days students at both intervention and control schools were asked about bicycling
to and from school during the present week.
Main classroom teachers in all intervention classes were sent one question each week:
• How many minutes had the class been physically active in the past week according to the
“activity watch”?
Physical Activity Intervention and Cognitive Performance
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Statistics
An a priori calculation of sample size was carried out. In order to detect an intervention effect
(two-sided significance test) of three percentage points on accuracy of incongruent flanker tri-
als with a power of 80%, alpha at 5%, an assumed cluster-effect of 0.01 and an average of 80 stu-
dents per school, a total of 680 students were required. Analyses of intervention effects were
performed with regard to intervention arm (intervention or control) irrespective of compli-
ance. Only students obtaining acceptable flanker task performance or mathematics skills
assessments at both time points were included (complete-case analysis). Differences in change
(follow-up–baseline) were used as outcome measure and reported as beta coefficients (β) from
linear regression models adjusted for baseline values of the relevant outcome, for gender and
for grade. As the units of randomization were schools a “random effect” was added by using
mixed models (maximum likelihood based) to accommodate the clustering of students within
these units. If a random intercept for school and/or class did not improve the model fit accord-
ing to the likelihood ratio test, they were removed and an ordinary least squares regression was
used. To facilitate comparison across studies, standardized coefficients were additionally calcu-
lated for cognitive and academic outcomes by standardizing the relevant outcome to its mean
and standard deviation prior to running the linear regression model. Standardized coefficients
are expressed so positive values represent changes favoring the intervention group. Potential
differential intervention effects between boys and girls were analyzed by including an interac-
tion term between gender and type of school (intervention or control). A significance level of
0.1 was used to evaluate the interaction term. In case of significance, analyses were stratified by
gender and rerun. Differences in change in waist-circumference, BMI, cardiorespiratory fitness
and physical activity were investigated in a similar manner. Potential differences in baseline
values between drop-outs and the final sample were investigated using linear regression with
adjustment for gender and grade for continues variables and with Chi2 tests for categorical var-
iables. Baseline differences between students at intervention and control schools were investi-
gated using linear or logistic regression (maximum likelihood based) adjusted for gender and
grade if appropriate. Chi2 was used for categorical variables not influenced by gender and age.
The same was done to investigate differences between students with and without assessment of
objectively measured physical activity. Similarly to the analysis of change, random effects terms
for school or class were used in drop-out analyses and baseline comparison if they improved
the fit of linear or logistic models.
Despite the randomized design, differences in the distribution of ethnic origin, grade, status
of overweight at baseline in boys, and pubertal development (when adjusted for age) differed at
baseline between the groups. It was therefore investigated whether these variables were possible
confounders by assessing their association with outcomes (changes) irrespective of group.
Based on these analyses, only overweight status was included in the cardiorespiratory fitness
model while grade was included in all models. Finally, analyses were rerun with and without
the possible confounders and results were not noticeably different. As a sensitivity analysis to
account for loss to follow-up between baseline and follow-up, multiple imputations were per-
formed on all missing outcome variables. These data are presented in S2 Table. Imputation of
variables was performed by using chained equations (“mi impute chained”) in Stata v13.1. Beta
coefficients and standard errors were obtained based on 20 imputed datasets. Imputation mod-
els were visually checked for convergence and the reproducibility of the estimates were
inspected by Monte Carlo errors. The imputation analyses are based on the assumption of data
being missing at random conditional on the observed covariates (missing at random). Conclu-
sions from the imputation analyses did not differ from analyses of complete data. Linear mod-
els were investigated for assumptions of residual normality in overall model, for normality of
Physical Activity Intervention and Cognitive Performance
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the random intercepts if appropriate and for homoscedacity of the residuals across the groups.
Appropriate assumptions for other models were assessed as well. No evidence of failure to
comply with assumptions was found in any of the statistical models. All analyses were con-
ducted using Stata IC v.13.1 (StataCorp, College Station, Texas, USA) with α = 0.05 (two-
sided). A CONSORT checklist is available in S3 Table.
Results
Forty classes at the 14 schools participated as intervention or control schools with 12 partici-
pating as intervention and 28 as controls. The median (25–75 IQR) number of participating
students from these classes was 16 (14–19) and 17 (15–19), respectively. In total, 632 consent-
ing students (194 at intervention and 438 at control schools), had minimum one outcome mea-
surement at both time points and comprised the final sample (74% of randomized subjects). Of
these, 584 students had an acceptable flanker task performance at both time points and 622
completed the mathematics skills test at both time points (for participant flow after
Fig 1. Participant flowchart. Numbers in percentage are of eligible students except for percentage lost to follow-up, which is of consenting students with a
baseline measure of the primary outcome or mathematics skills. Consenting students differ from numbers published previously [18] as student’s not following
age appropriate curriculum (n = 14) were not included in the trial. The flow of schools is presented in [18].
doi:10.1371/journal.pone.0158087.g001
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randomization see Fig 1). The main reason for missing data on the flanker task was accuracy
below chance (35 at baseline and 4 at follow-up). Data was missing on the mathematics test for
14 students at baseline and 8 students at follow-up).
Loss to follow-up
Significant differences at baseline existed between students included in analyses and those lost
to follow-up (baseline, but no follow-up outcome measurement, n = 73; 10% of baseline sam-
ple). The included sample was younger, had higher cardiorespiratory fitness, lower waist-cir-
cumference, lower BMI, and was more likely to be of “other ethnic origin” (all p’s0.05). No
significant differences were found between the included sample and those lost to follow-up in
the flanker task, mathematics performance, the distribution of gender, pubertal development
or socioeconomic status (p’s>0.05). Among students lost to follow-up, significant differences
between intervention and control school students (n = 21 and n = 52, respectively) were found
for cardiorespiratory fitness (869 vs. 1012 meters, p<0.01), waist-circumference (71 vs. 80 cm,
p<0.01) and BMI (19.8 vs. 23.1, p = 0.01). All values favored control schools. Age was higher
in control school children (13.2 vs. 12.9 years, p = 0.05) who were lost to follow-up compared
to intervention school children lost to follow-up.
Baseline characteristics
Baseline characteristics are depicted in Table 2. At baseline, students at intervention schools were
younger (p = 0.05), less fit (difference = 33 meters, p = 0.02) and had a higher BMI (p = 0.05)
compared to students at control schools. There were no differences in the overall proportion of
overweight or obese students (2% were obese), but a significantly higher proportion of boys at
intervention schools were overweight (p = 0.05) when compared to boys from the control
schools. Furthermore, students at intervention schools reported being significantly further along
in pubertal development (p = 0.05) and a significantly higher proportion of students at interven-
tion schools were of ethnic Danish origin (p = 0.02). No significant baseline differences were
observed in the flanker task, mathematics skills or waist-circumference (all p’s>0.05).
Intervention effects–cognitive and academic performance
The flanker task was successful in decreasing accuracy and increasing reaction time on incon-
gruent relative to congruent trials at baseline and at follow-up. No significant differences in
change between intervention and control schools were observed for response accuracy or reac-
tion time on congruent or incongruent trials (results are presented in Table 3). Standardized
coefficients (95% confidence intervals (CI)) were -0.06 (-0.19–0.07) and 0.08 (-0.07–0.23) for
congruent and incongruent response accuracy and -0.05 (-0.21–0.11) and -0.07 (-0.23–0.09)
for congruent and incongruent reaction time. Likewise, no significant difference was observed
for accuracy interference scores. However, a significant effect in favor of control schools was
found on reaction time interference scores (adjusted β = 5.0, p = 0.03) such that control schools
experienced a larger reduction in interference score compared to intervention schools. The
standardized coefficients (95% CI) were 0.12 (-0.03–0.26) and -0.15 (-0.29–0.01) for accuracy
and reaction time interference scores, respectively. No significant effect of the intervention was
observed on mathematics skills. The standardized coefficient (95% CI) for mathematics skills
was -0.05 (-0.31–0.21).
A significant interaction was observed between gender and school type for mathematics per-
formance (p = 0.01 for interaction). However, in gender stratified analysis there were no signif-
icant differences between intervention or control school students in either gender (boys:
Physical Activity Intervention and Cognitive Performance
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adjusted β = -1.10, p = 0.18 & girls: adjusted β = 0.57, p = 0.52). The standardized coefficients
(95% CI) for boys and girls were -0.20 (-0.49–0.09) and 0.12 (-0.24–0.48), respectively.
Intervention effects–anthropometrics and cardiorespiratory fitness
No significant differences in change between intervention and control schools were found for
BMI, waist-circumference or cardiorespiratory fitness (presented in Table 4). Interactions were
observed between gender and school type for BMI (p = 0.03 for interaction), waist-circumfer-
ence (p<0.01 for interaction) and cardiorespiratory fitness (p = 0.03 for interaction). In strati-
fied analyses boys at intervention schools had a significantly smaller increase in BMI compared
to boys at control schools (adjusted β = -0.22, p = 0.01) while there were no significant differ-
ences with respect to waist circumference (adjusted β = -0.49, p = 0.11) or cardiorespiratory fit-
ness (adjusted β = -3.7, p = 0.71). Girls at intervention schools had a significantly larger
increase in cardiorespiratory fitness compared to girls at control schools (adjusted β = 21.5
p = 0.01) while there were no significant differences with respect to BMI (adjusted β = 0.0,
p = 0.72) or waist-circumference (adjusted β = 1.35, p = 0.38).
Table 2. Baseline characteristics of participants by group allocation and gender. Values are numbers (percentages) unless stated otherwise.
Intervention schools Control schools p-values for difference between intervention and control groups at
baseline
Boys n = 100Girls n = 94Boys n = 209Girls n = 229 0.37
Mean (SD) age (years)a 12.8 (0.6) 12.7 (0.5) 13.1 (0.6) 12.9 (0.6) <0.001
Overweight or obeseb, c 19 (19) 14 (15) 24 (12) 32 (15) 0.28
6th grade studentsd 82 (82) 79 (84) 106 (51) 134 (59) <0.001
Pubertal
developmente, f
0.045
I + II 30 (32) 3 (3) 58 (29) 15 (7)
III 32 (34) 50 (56) 84 (42) 115 (53)
IV + V 32 (34) 36 (40) 60 (30) 88 (40)
Socioeconomic
statusd, g
0.35
I 11 (12) 10 (12) 35 (19) 28 (14)
II 48 (53) 35 (41) 71 (39) 95 (47)
III 31 (34) 41 (48) 75 (41) 77 (39)
Ethnic origind 0.02
Danish 88 (98) 82 (96) 172 (94) 183 (91)
European 2 (2) 2 (2) 3 (2) 5 (2)
Other 0 (0) 1 (1) 8 (4) 14 (7)
Eighteen parents (9%) from intervention and 54 (12%) parents from control schools did not return the questionnaire and information on socioeconomic
status and ethnic origin is missing for these students. Likewise, age, pubertal development and BMI at baseline was missing for 1 (1%), 11 (6%) and 2 (1)
of intervention school students, respectively and 4 (1%), 18 (4%) and 11 (3%) of control school students.
ap-value is from a linear regression model regressing age on intervention group.
bOverweight and obesity was deﬁned according to age- and gender speciﬁc BMI reference values [23].
cp-value is from a mixed logistic model with class as a random effect.
dp-value is from a Chi2 test.
eSecondary sex characteristics according to Tanner with I+II and IV+V combined because of few observations in category I and V. Category I means not
started puberty, Category V is matured as an adult.
fp-value is from a mixed ordinal logistic model adjusted for age and gender with class as a random effect.
gMaternal or female guardians highest completed education was used as the socioeconomic status indicator. I is no formal education, II is vocational
training or < 3.5 years of adult education and III is 3.5 years of adult education (bachelor-level).
doi:10.1371/journal.pone.0158087.t002
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Physical activity levels
In total, 638 participants were given the opportunity to wear an accelerometer. Of these 245
students (38%) had a valid physical activity measurement at both time points. Upon inspection
of model assumptions one extreme observation (standardized residual = 5.17) was dropped.
Therefore 244 students comprised the final physical activity sample. Students with physical
activity data differed from students without physical activity data with respect to mathematics
performance, grade, sex and ethnicity (all p’s0.05).
Intervention effects on physical activity
No significant differences between intervention and control schools were found for total wear
time (p’s>0.17) or the number of weekend days included (p’s>0.84) at either time point. Like-
wise, no significant differences in activity levels were found at baseline (p’s>0.16).
Changes from baseline to mid-intervention in overall physical activity levels or daily min-
utes spent at MVPA did not differ significantly between intervention and control schools. Nor
Table 3. Intervention effects on the flanker task and academic performance.
Intervention Control
Outcome n = Baseline Follow-
up
Within-group
change
n = Baseline Follow-
up
Within-group
change
Adjusted
difference in
changea
95%
CI
p-
value
ConditionalICC
Flanker task
Accuracy (%)
Congruent trials 180 94.8 (6.1) 96.7
(5.2)
1.8 (5.2) 404 94.9 (6.2) 96.9
(4.3)
2.0 (5.5) -0.3 -1.0–
0.4
0.36 NA
incongruent trials 180 80.9
(11.9)
86.6
(10.1)
5.7 (9.3) 404 83.2
(11.9)
87.0
(10.4)
3.8 (10.3) 0.8 -0.7–
2.3
0.31 NA
Interference
score
180 14.0 (9.5) 10.1
(7.6)
-3.9 (7.9) 404 11.8 (9.2) 10.0
(8.6)
-1.8 (9.1) -1.0 -2.3–
0.3
0.13 NA
Reaction time
(ms)
Congruent trials 180 470.2
(74.6)
458.9
(61.7)
-11.3 (42.7) 404 461.9
(64.1)
449.8
(61.2)
-12.1 (50.2) 2 -5–10 0.57 NA
incongruent trials 180 557.4
(92.4)
534.4
(70.8)
-23.0 (54.9) 404 541.2
(81.5)
516.6
(70.3)
-24.7 (59.1) 6 -2–15 0.16 NA
Interference
score
180 87.2
(41.7)
75.4
(31.1)
-11.7 (34.0) 404 79.3
(35.3)
66.7
(28.3)
-12.6 (32.5) 5 0–9 0.03 NA
Academic
performance
Mathematics
skillsb
191 19.5
(10.2)
22.1
(10.9)
2.6 (5.4) 419 20.3 (9.9) 22.8
(11.1)
2.4 (4.9) -0.2 -1.6–
1.1
0.73 0.08 (class)
Baseline, follow-up and within-group changes are unadjusted values while between-group comparisons are adjusted. Values are mean (SD) unless stated
otherwise. Mathematics performance can range from 0–50 points. RT: reaction time, CI: conﬁdence interval, ICC: Intraclass correlation coefﬁcient
conditional on covariables. NA: not applicable. NOTE: A negative difference in change for accuracy means worse performance by intervention schools
(smaller increase in accuracy from baseline to post-intervention). A positive difference in change for RT means worse performance by interventions
schools (smaller decrease in response speed from baseline to post-intervention). A positive difference in change in interference scores means worse
performance by intervention schools (smaller decrease in interference score).
a Estimates are the unstandardized beta-coefﬁcients (control coded as zero, intervention coded as 1) from linear mixed models with the change in
outcome adjusted for baseline value of outcome, gender and grade level. If a random effect did not improve the model ﬁt, ordinary least squares
regression was used.
b Between-group difference in change is further adjusted for class cluster as a random effect.
doi:10.1371/journal.pone.0158087.t003
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did they differ in any of the specified subdomains (presented in Table 5). No interaction
between gender and school type was evident in any models.
SMS-tracking
The median (25–75 IQR) weekly number of “activity watch” responses was 11 (10–12) with a
median (25–75 IQR) weekly physical activity reporting of 120 minutes (73–240). This corre-
sponds to 24 minutes of classroom based or scheduled recess activities per day during the inter-
vention period. The use of the “activity watch” during the intervention is depicted in Fig 2.
In total, 177 (91%) students from intervention schools agreed to participate in the SMS-
tracking system. Responses varied at each SMS round from 79% to 93%. Implementation and
progression of individual intervention components is presented in S1 File.
Discussion
The data did not support an effect of a 20-week multi-faceted physical activity intervention on
the a priori specified primary outcomes on a task of executive control, however the interven-
tion was limited by poor fidelity which makes a causal interpretation of the effects of regular
physical activity on cognitive and academic outcomes tenuous. Accordingly, this study pro-
vides three important lessons. Firstly, careful and detailed information about the actual physi-
cal activity performed is paramount in settings where tight control is difficult, as there is little
reason to expect the outcome to change if there is no change in exposure level. Multiple physi-
cal activity interventions have not been able to demonstrate increased overall levels of physical
activity [30–32]. Secondly, in the present study, the objective information on physical activity
from accelerometers supports a different conclusion than the subjective data from SMS-track-
ing. This underpins the need for objective assessments as these are generally considered less
prone to differential error or social desirability bias in comparison with subjective measures
[33]. Thirdly, future trials should consider including a qualitative assessment of intervention
fidelity, possibly in combination with a pilot-phase to develop and improve intervention feasi-
bility and fidelity. This is however not a guarantee for a successful trial [32]. The combination
Table 4. Intervention effects on cardiorespiratory fitness and anthropometric variables.
Intervention Control
Outcome n = Baseline Follow-
up
Within-
group
change
n = Baseline Follow-
up
Within-
group
change
Adjusted
difference in
changea
95%
CI
p-
value
Conditional
ICC
Cardiorespiratory
ﬁtness (distance, m)b
162 989
(107)
1018
(109)
29 (57) 297 1023
(114)
1040
(19)
17 (72) 9.4 -3.7–
22.4
0.16 NA
Waist circumference
(cm)c
190 71.6
(8.4)
72.8
(8.4)
1.2 (4.1) 410 70.4 (8.9) 70.5
(8.7)
0.2 (2.9) 0.7 -0.7–
2.1
0.33 0.13 (school)
BMI 191 19.8
(2.9)
20.1
(2.9)
0.3 (0.7) 417 19.3 (3.0) 19.7
(3.1)
0.4 (0.7) -0.1 -0.2–
0.0
0.14 NA
Baseline, follow-up and within-group changes are unadjusted values while between-group comparisons are adjusted. Values are mean (SD) unless stated
otherwise. CI: conﬁdence interval. BMI: body mass index. NA: not applicable. On the basis of changes of >2 standard deviations, 24 participants were
further excluded from the cardiorespiratory ﬁtness results (ﬁve at intervention and 19 at control schools).
a Estimates are the unstandardized beta-coefﬁcients (control coded as zero, intervention coded as 1) from linear mixed models with the change in
outcome adjusted for baseline value of outcome, gender and grade level. If a random effect did not improve the model ﬁt, ordinary least squares
regression was used.
b Between-group difference in change is further adjusted for overweight status at baseline.
c Between-group difference in change further adjusted for school cluster as a random effect.
doi:10.1371/journal.pone.0158087.t004
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of objective physical activity assessment and qualitative data demonstrating intervention fidel-
ity would provide the optimal opportunity to evaluate an intervention. Further, qualitative data
on factors related to intervention fidelity can be highly informative when improving existing
programs or implementing a successful program.
As was the case in the present study, modified versions of the Eriksen flanker task are widely
used as measures of inhibitory control [15, 21], which is one of three core constructs of execu-
tive functions [8]. The flanker task has previously been demonstrated to be responsive to
changes in physical activity exposure in randomized controlled trials using both longitudinal
[15] and acute study designs [34]. The lack of an intervention effect on the primary outcomes
and the greater change in interference control in the control group compared to the interven-
tion group is discordant with existing evidence from previous randomized controlled trials.
Two afterschool physical activity programs have demonstrated positive benefits on cognitive
outcomes within a time-span of three to nine months [14, 15]. Similarly, small school-based
trials with manipulation of physical activity during physical education classes have demon-
strated favorable intervention effects within four months in both children [35] and adolescents
[36]. In the light of previous literature and the multiple tests performed, it is possible that the
finding on interference scores is spurious. When a post hoc re-analysis of the data was per-
formed with 111 intervention and control group participants that could be matched 1:1 for
Table 5. Intervention effects on physical activity according to group allocation.
Intervention (N = 96) Control (N = 148)
Outcome Baseline Mid-
intervention
Within-
group
change
Baseline Mid-
intervention
Within-
group
change
Adjusted
difference in
changea
95%
CI
p-
value
ConditionalICC
Physical
activity level
(cpm)b
394 372–
417
462 435–491 73 (111) 386 364–
409
428 403–455 47 (133) 5 -30–
41
0.77 Class: 0.04
Overall MVPA
(minutes/day)b
44.9 41.9–
48.3
55.2 51.2–
59.6
11.4 (17.2) 44.5 41.6–
47.7
51.5 48.2–
55.1
7.4 (17.4) 1.2 -3.9–
6.3
0.64 Class: 0.04
All school time
(cpm)b
465 436–
496
492 461–525 29 (152) 405 382–
429
422 393–453 30 (156) 1 -62–
63
0.98 Class: 0.24
All school time
MVPA (%)b
6.7 6.2–
7.3
7.3 6.7–7.9 0.7 (2.8) 5.9 5.5–
6.3
6.4 5.8–6.9 0.9 (2.9) -0.3 -1.5–
0.9
0.63 Class: 0.25
Class time
(cpm)b
291 271–
312
288 268–309 -2 (108) 25 9 243–
277
250 231–271 0.9 (131) 6 -53–
64
0.86 Class: 0.42
Class time
MVPA (%)b
3.6 3.3–
4.0
3.7 3.3–4.0 0.0 (2.0) 3.2 2.9–
3.5
3.1 2.8–3.5 0.2 (2.3) 0.0 -1.0–
1.0
0.98 Class: 0.37
Recess (cpm)b,
c
903 822–
992
982 893–
1080
89 (462) 691 631–
757
690 619–769 52 (458) 112 -84–
308
0.26 School: 0.12.
Class 0.04
Recess MVPA
(%)b, c
14.3 12.8–
15.9
15.7 13.9–
17.7
1.8 (8.2) 10.7 9.6–
11.9
10.6 9.2–12.3 1.6 (9.4) 1.2 -3.2–
5.6
0.59 School: 0.17.
Class: 0.07
Baseline, follow-up and within-group changes are unadjusted values while between-group comparisons are adjusted. All physical activity values were
skewed hence baseline and mid-intervention values are presented as geometric means with 95% CI ratios. Changes are presented as means with SD for
within group-changes and means with 95% CI for between group changes.
a Estimates are the unstandardized beta-coefﬁcients (control coded as zero, intervention coded as 1) from linear mixed models with the change in
outcome adjusted for baseline value of outcome, gender and grade level. If a random effect did not improve the model ﬁt, ordinary least squares
regression was used.
b Between-group difference in change is further adjusted for class cluster as a random effect.
c Between-group difference in change is further adjusted for school cluster as a random effect.
CI: conﬁdence interval, MVPA = moderate to vigorous physical activity, CI = conﬁdence interval, ICC: Intraclass correlation coefﬁcient.
doi:10.1371/journal.pone.0158087.t005
Physical Activity Intervention and Cognitive Performance
PLOS ONE | DOI:10.1371/journal.pone.0158087 June 24, 2016 13 / 19
gender, age, pubertal development, ethnicity, cardiorespiratory fitness, waist-circumference
and mathematics score, this gave identical results to the a priori specified analysis, except that
changes in interference control did no longer statistically favor the control group (data not
shown). Further, the observed difference in change was 5 ms but the clinical importance of
such a difference is unknown. Important conceptual differences exist between the afterschool
interventions and the present trial. These include the highly controlled form (led by physical
activity specialists) and the inclusion of pre-pubertal children whereas this trial was delivered
by non-specialized teachers within the school day and included adolescents, who were at a later
stage of puberty. These differences make a direct comparison difficult while previous school-
based trials are limited by their sample sizes. Established correlates of greater cognitive function
such as high cardiorespiratory fitness [5], low body fat [7] and a favorable cardiometabolic risk
score [22] are all favoring a physically active lifestyle. However, the association between objec-
tively measured physical activity and cognitive performance is unclear with previous research
demonstrating both a positive association [37] and no association [38].
In this study girls at intervention schools improved their cardiorespiratory fitness relative to
girls at control schools, while boys at intervention schools had a relative improvement (smaller
gain) in BMI compared to boys at control schools. Given the abovementioned correlates, an
effect on the primary outcome might have been expected. The effect of the intervention on
cardiorespiratory fitness of girls was 21.5 meters, which corresponds to 2% of the average dis-
tance covered by girls at baseline. A significant effect on inhibitory control was found in con-
junction with a 4% greater improvement in directly measured maximal oxygen uptake in the
Fig 2. Self-reported class-room and scheduled recess physical activity in the intervention group.Minutes of
physical activity/week reported on the “activity watch” by teachers in intervention classes during the intervention
period. For each week the median, the lowest and the highest class values are depicted. Interventions week 5 and
13 are holidays but lines are drawn through for graphical appearances.
doi:10.1371/journal.pone.0158087.g002
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intervention group compared to the control group in the FITKids trial [15]. Similarly, the
intervention effect on BMI in boys (0.22 kg/m2) was also smaller than in the FITKids trials (0.5
kg/m2). A possible explanation is that the current effects on adiposity and cardiorespiratory fit-
ness were insufficient for a positive effect on inhibitory control to be observed. Effects on
cardiorespiratory fitness or adiposity were not assessed in the trial by Davis and colleagues
[14]. Further, an important distinction from the other trials is that only 15% of the study
sample were overweight. The potential for change may thus have been different. A final note
on the significant intervention effects is that the effects were observed on change scores but
that the post-intervention BMI of intervention school boys or cardiorespiratory fitness of inter-
vention school girls where not different from the BMI of boys at control schools or the cardio-
respiratory fitness of girls at control schools.
Only a few intervention studies with an academic performance outcome exist and even
fewer are school-based with randomized designs [4]. Three school-based interventions are
roughly comparable in design (randomized intervention with pre-post measures) but differ in
duration, outcome(s) and included age-group [16, 39, 40]. Results from these studies are incon-
sistent regarding effects on academic achievement, with only the PAAC study [16] demonstrat-
ing a positive effect. In that study, a significant difference in three-year changes in several areas
of academic achievement was found. However, academic achievement was a secondary out-
come and was evaluated in a subsample only. The study by Ahamed and colleagues [40] did
not find a significant difference in performance on an aggregated test of academic achievement,
while Sallis and colleagues [39] found mixed results in different areas of academic achievement.
Therefore, available evidence suggests that school-based physical activity interventions, despite
not enhancing academic achievement, have no negative influence on academic achievement,
indicating that time taken away from academics in favor of physical activity do not come at the
cost of academic outcomes.
Implementation of the intervention
The “activity watch” revealed that time directed towards physical activity was integrated into
academic subjects. However, as no information on baseline or control school levels of academic
subject activity levels is available, this does not permit the conclusion that intervention schools
had a higher physical activity level during academic subjects than control schools. In fact, this
was not supported by data from accelerometers. Furthermore, the data did not suggest that the
activity levels in academic subjects had been increased at intervention schools compared to
pre-intervention. This is surprising as this was a key element of the intervention and it should
be kept in mind that accelerometers only assess a given period of time whereas the SMS-track
surveyed the entire intervention period. Comparing results from the “activity watch” during
the weeks of accelerometer wear to the rest of the intervention period did not however indicate
the surveyed week differed substantially from the “usual” week (135 minutes vs. 120 minutes
during the entire intervention). In summary, the data do not support that the aim of delivering
60 minutes of physical activity on each school day was reached. The “activity watch” demon-
strates that the implementation of the intervention was quite stable over time with indication
of a leveling off of the intervention during the last few weeks. It is also clear that compliance
with the intervention was not universal but differed greatly between classes. Results from stu-
dents text messaging demonstrate a similar picture (S1 File). Two other school-based physical
activity interventions also included physical activity during academic subjects as a core inter-
vention component. In the PAAC study teachers delivered 75 minutes of physical activity
during academic subjects per week, while Ahamed et al (2007) reported that intervention
schools spent on average 50 more minutes of physical activity in class per week. Both used self-
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report methods. Our result of 120 minutes/week is somewhat higher but also includes struc-
tured recess activities. Importantly, none of the other studies performed an objective measure
of in-class physical activity levels.
Strengths and limitations
Strengths of the study include the relatively large sample size, the use of a cluster randomized
design and the inclusion of objective measures of physical activity. The main limitation of the
study is the poor intervention fidelity. An explanation could be that 20 weeks was an insuffi-
cient amount of time to implement and evaluate the effects of a physical activity intervention
within academic subjects. Furthermore, schools were recruited through a primary school phys-
ical activity and health project, which could be considered a limitation, as the included schools
may have a physical activity awareness, which differs from other public schools in Denmark.
Possibly, the degree of changes to implement at intervention schools may have been reduced.
Also, the differences observed at baseline indicate that the randomization process did not result
in completely comparable groups. As the number of clusters was limited (14 schools) some dif-
ferences after randomization are not unexpected. Potential confounders (unevenly distributed
between groups) were omitted if unimportant (not related to outcome) and otherwise adjusted
for statistically. Potential confounders included pubertal development, ethnicity and weight
status, which all had negligible effects on changes in outcome measures. Only one measure of
cognitive and academic performance was included, which only provides a small snapshot into
the potential relation that physical activity may have on the developing brain. Future studies
should seek to include a broader view by including multiple measures of cognition and aca-
demic performance. Further, the use of standardized measures of academic performance
should be included when available to facilitate comparisons between studies.
Two points in randomized design concern the internal validity of the study; 1) the loss to
follow-up after randomization but before baseline-measure and 2) the loss to follow-up after
baseline-measures, but before follow-up. The implication of this missing data at each point is
the same, but no information is available on those lost at point 1 while baseline data is available
for those lost at point 2. It was chosen to perform complete-case analysis as the primary analy-
ses instead of using the intention-to-treat approach as this requires analyses of all those ran-
domized to give an unbiased estimate of group allocation [41]. However, this would not be
possible due to the loss to follow-up in point 1. This is a limitation of this study that was based
on logistical reasons. The results of the imputation analyses (presented in S2 Table), which ana-
lyzed all students with a baseline measure did not lead to different conclusions, suggesting that
loss to follow-up after baseline measures was not a source of bias which affected the study
results.
Finally, as the adherence to the accelerometer protocol was low (38%) it may be subject to
bias. This limits our ability to determine whether the non-significant finding on the primary
outcome owes to a true lack of effect or whether the intervention did not create large enough
differences between intervention and control schools to be of importance.
Conclusions
No evidence was found for effectiveness of a 20-week physical activity intervention on increas-
ing performance in an executive functions test or a mathematics skills test in Danish adoles-
cents. However physical activity levels were not affected by the intervention, which makes it
impossible to conclude on the causal relationship between increased physical activity and cog-
nitive and academic performance. Positive results of the intervention include cardiorespiratory
fitness in girls and BMI in boys, while a negative result was found for interference control.
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Improvements in cardiorespiratory fitness and BMI were only modest in comparison with
improvements observed in successful trials. Such results speak to the importance of efficacious
intervention techniques to improve not only physical health outcomes, but cognitive and scho-
lastic health outcomes as well.
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